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(54) Title: METHOD OF MANUFACTURING A DRY POWDER PARTICLE, A POWDER PRODUCED WITH SAID METHOD. AND 
AN ELECTRODE AND AN APPARATUS FOR USE IN SAID METHOD 

(57) Abstract 

The invention rotates to a method of manufacturing a dry powder 
particle, preferably using electrohydrodynanuc spraying, wherein two 
oppositely charged aerosol streams are contacted. Hie invention 
allows for the manufacture of powders having various, controllable 
compositions and shapes. In particular Che method according to (he 
invention may be used to perform physical and chemical reactions and 
allows for the manufacture of powders not previously obtainable. In 
addition, the Invention also relates to an electrode (4, 4\ 5, 10a, I Ob) 
and an apparatus for applying the method according to die invention. 
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Method of manufacturing a dry powder particle, a powder 
produced with said method, and an electrode and an apparatus 
for use in said method 

This invention relates to a method of manufacturing 
a dry powder particle by generating a charged aerosol stream 
comprised of charged initially liquid particles and convert- 
ing said stream into powder particles. 

Such a method is well known in the state of the art. 
By passing a liquid, comprising a solute dissolved in a 
solvent, through a narrow orifice using high voltage, a 
charged aerosol stream is generated comprised of charged 
liquid particles. Evaporation of the solvent results in a 
fine powder with a relatively narrow size distribution. This 
process, known as elect rohydrodynamic spraying, is for 
example suitable for the manufacture of polymeric powders 
used for electrostatic spraying during powder coating. 

The objects of the present invention are to expand 
15 the application possibilities of said method, and in particu- 
lar to provide a method allowing for the manufacture of 
powders which could not be produced so far, and to improve 
the quality of powders produced using said method. In this 
application the term "manufacturing a powder" includes the 
20 manufacture of powder mixtures. 

To this end the method according to the invention is 
characterized in that the charged aerosol stream comprised of 
charged particles is contacted with a second aerosol stream 
comprising oppositely charged particles resulting into a 
25 combined aerosol stream to form the powder particle. 

Thus the present invention provides a method for the 
manufacture of powder particles, which together constitute a 
powder, which powder is comprised of less charged or substan- 
tially neutral particles. The method allows for, for example, 
the use of aerosol streams of different composition enabling 
physical and chemical reactions to occur, and for the coating 

of particles. 

The charged powders manufactured according to the 
state of the art tend to form agglomerates, making them less 
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suitable in the manufacture of high quality finished sur- 
faces. The charged powders also tend to clog up pipelines, 
which interferes with both production of the powder and use 
thereof. Thus, the method according to the invention provides 
5 a powder having an improved industrial applicability while in 
addition a higher powder yield is obtained. 

In the field of fuel injection it is known to study 
the phenomenon of mixing two aerosol fuel streams by contact- 
ing two similarly charged aerosol fuel streams, (Dunn P.F. et 
10 al. the mixing of electrically-charged droplets between and 
within electrohydrodynamic fine sprays, J ♦ Aerosol Sci . vol, 
25, 0.6, pp. 1213-1227, 1994). 

It is also known to manufacture a homogeneous mix- 
ture by contacting charged granules with an oppositely 
15 charged powder (Thesis of P. vercoulen; Electrostatic pro- 
cessing of particles. Technical University of Delft, the 
Netherlands) . To this end a powder, comprising particles in 
the micron range, is sprayed and subsequently charged, for 
example using a corona discharge device, before being con- 
20 tacted with oppositely charged solid granules having diam- 
eters in the order of 2 mm. The particulate starting 
materials were manufactured using conventional techniques, 
i ♦ e - grinding - 

According to a preferred embodiment of the invention 
25 the amount of charge of the first aerosol stream and the 

amount of charge of the second aerosol stream are controlled 
to yield a substantially neutral powder. 

Thus a higher yield of powder can be obtained than 
previously achievable. 
30 According to a preferred embodiment the particles of 

at least the first aerosol stream comprising charged par- 
ticles are generated by electrohydrodynamic spraying. 

Electrohydrodynamic spraying allows for the gener- 
ation of charged aerosol streams having well defined particle 
3 5 size distributions, wherein the liquid particles are charged 
at the instant the liquid particle is formed, i«e. the 
droplets do not have to be charged afterwards in a separate 
charging step. 

According to a preferred embodiment the first aero- 
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sol scream comprises particles comprising a solvent and a 
soluce, said solvent being evaporated to yield a subs tan- 
tially dry powder particle. 

This allows for the manufacture of a powder mixture 
5 comprising charged particles having an identical composition 
but opposite charge, a powder mixture comprising charged 
particles having a different composition, when aerosol 
streams with different composition are used, and opposite 
charge. Another possibility is the manufacture of a powder 
comprising two or more attached subunits. This method is 
characterized in that a part of the solvent is evaporated 
from the first aerosol stream to form a first aerosol strean, 
being composed of solid, sticky charged particles which is 
contacted with the second charged aerosol stream comprising 
solid charged particles resulting in the combined aerosol 
stream which is converted into an essentially dry powder 
Thus it is possible to make aerosol particles with a specific 
shape, the subunits having the same or a different composi- 

20 A particularly preferred embodiment of the method 

according to the invention is characterized in that, when 
contacted, both the first and the second aerosol strean, 
comprise liquid charged particles. 

This embodiment allows for a multitude of physical 

25 and chemical reactions to occur. 

Advantageously the method according to the invention 
comprises, after contacting the first aerosol stream with the 
second aerosol stream, separation of particles with the 
desired composition according to their charge to mass ratio. 

As the amount of charge is proportional to the mass 
of the particle (or. in case of a particle comprising an 
evaporating solvent, to the mass of the solute), the composi- 
tion of the particle is reflected in the charge to mass ratio 

of the particle formed. 

Yet another preferred method of manufacturing a 
powder according to the invention is characterized in that at 
least the first aerosol stream, being comprised of larger 
particles and satellite particles, is subjected to a particle 
separation step providing a substantially monodisperse aero- 
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sol stream whereafter the substantially monodisperge aerosol 
stream is contacted with the oppositely charged aerosol 
stream. 

This embodiment, which is especially useful with 
5 electrohydrodynamic spraying, provides for a powder to be 
produced having a even narrower particle size distribution. 
Accordingly it is preferred that both the first and the 
second aerosol stream are subjected to the particle separ- 
ation step- 

10 According to an advantageous embodiment, the separ- 

ation step is conducted using a grounded electrode. The 
grounded electrode, placed near or in that part of the aero- 
sol stream where the particles to be removed pass and more 
distantly spaced from the desired particles, serves as a 
15 simple and effective means to attract and remove the unwanted 
particles- Thus an aerosol stream enriched in the desired 
particles is obtained and subsequently brought into contact 
with the oppositely charged aerosol stream. 

The invention also relates to powder comprising 
20 ceramic precursor powder particles, polymer -comprising powder 
particles or powder particles comprising a pharmaceutical 
compound, for example coated powder particles, as well as a 
pharmaceutical composition comprising such a pharmaceutical 
compound- comprising powder together with a pharmaceutical^ 
25 acceptable carrier or diluent. 

Moreover the invention relates to a method of manu- 
facturing a ceramic product characterized in that a ceramic 
precursor powder according to the invention is sintered. 

The method allows for the manufacture of very fine 
3 0 ceramic precursor powders without grinding as well as powders 
with compositions which until now could not be obtained or 
only with great difficulty. If the above mentioned separation 
step is performed, providing two aerosol streams comprised of 
satellite droplets, highly desired ceramic precursor 
35 nanoparticles can be obtained, suitable for defect free 
ceramic products. 

Finally, the invention relates to an apparatus for 
working the method according to the invention, comprising an 
electrode having an inlet and an outlet, a channel connecting 



PAGE 19»3 1 RCVD AT 4/10/20D8 3:16:33 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-6/35 a DN1S:2738300 * CSID:6123051228 8 DURATION (mn«s):15-02 



04/10/ 20 06 14:1 8 FAX 6123051228 MUETING RAASCH GEBHARDT 0020 

the inlet and the outlet, the outlet being an orifice in the 
centre of an electrically conducting area opening into a 
chafer, wherein the electrically conducting area is defined 
by a barrier, said barrier preventing the flow of Hquxd 
5 beyond the electrically conducting area and the chamber 
~ having a counter electrode as well as an exhaust opening for 
a product formed by electro- hydrodynamic spraying- 

The apparatus is characterized in that the chafer 
is a mixing chamber and the apparatus is provided with a 
10 second electrode having an orifice opening into the chamber^ 
The invention will be hereinafter explained in more 
detail with reference to the drawing, in which the only 
figure represents a schematic cross sectional view of an 
apparatus for wording the method according to ^ i«r»tx«. 
15 The present invention provides a method for contact 

ing a first charged aerosol stream comprised of charged 
particles with a second aerosol stream comprised of 
oppositely charged particles in a mixing zone resulting xnto 
a combined aerosol stream which is . 
20 into a powder. Particles making up an aerosol stream have 

diameter of 100 m- - " * "Tstream' is 

Advantageously the first charged aerosol stream is 

generated using electrohydrodynamic spraying, which method is 
Lll known in the art. A liquid A is passed via a channel i 
2S through a narrow orifice 2, for example with a diameter of 

0.2 mm, of a nozzle 3. A high voltage, typically 5 - 30 W is 
supplied over the nozzle 3 and an annular grounded counter 
electrode 4. The high voltage accelerates the liquid A 
through channel 1 and towards the annular counter electrode 
30 4. At the orifice 1 a liquid jet B emerges which breaks up 
into charged droplets forming a conical stream of droplets 
having narrow size, charge density and velocity distribution. 
Because of their initial speed the droplets do not encounter 
the counter electrode 4 . During the breaking up process 
35 smaller droplets, known as satellite droplets are created as 
" well, resulting in a bi-modal particle size distribution^ 
These satellite droplets, being very small, end up in the 
outer periphery of the conical aerosol stream. 

If desired it is possible to eliminate one of both 
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types of droplets by suitably placing a grounded electrode 5 
near its patb r for example in position C for the removal of 
the satellite droplets or in position D for the removal of 
the larger droplets. 
5 The charged aerosol stream comprised of charged 

droplets is contacted with an oppositely charged second 
aerosol stream in a mixing zone 6. This second aerosol stream 
may be comprised of liquid particles, i.e. droplets, or solid 
particles- 

10 Due to the opposite charge of the particles of each 

aerosol stream, the particles of the different aerosol 
streams are attracted to each other and combine, forming less 
charged and even neutral particles. 

Advantageously the amount of charge of the first 
15 aerosol stream and the amount of charge of the second aerosol 
stream are controlled to yield a neutral powder. This can be 
achieved in several ways, two of which are discussed. First- 
ly, the amount of charge per second of the first aerosol 
stream should be equal to the amount of charge per second of 
20 the second aerosol stream. Secondly, if one of the streams 
consists of very many fine particles in comparison to the 
particles of the other stream, many fine particles will be 
nee( jed to neutralize a large particle r allowing accurate 
neutralization of the large particle. Thus it may be possible 
25 to increase the yield of neutral particles- An aerosol stream 
comprising very small particles may be obtained exploiting 
the Rayleigh break-up phenomenon, which occurs when the 
charge density in a particle becomes too high, due to evapor- 
ation of a solvent. The very fine particles may be used in 
30 excess, the surplus being wasted. To waste the surplus, a 
charged electrode may be used and advantageously the very 
fine particles consist of a volatile solvent only. 

Mixing of the aerosol streams can be enhanced by 
supplying a gas G, usually an inert gas, to the mixing zone 6 
35 where the first and the second aerosol stream are contacted. 
The gas flow also provides a convenient way to carry off the 
powder formed. The gas G may be supplied through inlets 9 and 
prevents space charge accumulation in front of the nozzles 3, 
which would result in an increase in electrical field inten- 
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c ; tv unstable aerosol streams. 

method acceding to the invention result, in a 

powder comprised of less charged or "^"^^ . 
'particles. Charged product ^^^J^Z^^V 

wltTa de^red Tuition. The lecture o £ powders o £ 

_ a ; H nn will be discussed below. 

10 ™' C r st a::: earXier. the second aerosol ~ « * 
comprised of liquid particles. 1- lofid 
tides If the second aerosol streem is comprised o 
particles t h ese may have been charged tribolcgically or by 
pamicic9 , . device. However, 

15 using for example a corona discharge for 
* eM« the second aerosol stream is generated ido 
preferably the second electr0n ydrodynamic spray- 

solid and liquid particles) usi y indicated 
Sncr as well, as shown in the figure, wherein parts inoi 
preference numerals — en epostrop^correspoua to 
2 „ those mentioned shove having the eame ^ ^ 

containing liquid, evaporation of the «~ and 
ing the stream results in charged solid particles q 

efficiently.^ ^ ^ ^ of id 

„ particles while contacting the seco nd aero eol ™ ^ 

possib l. to — *™;~ t d n ch mature of pharma- 
are for example of interest x . . de i ay ed or 

ceutical compositions, for «-^T t ^°^J. when 

sustained releaee of a P™"£££ it lay bTnecessary 
30 it is desired to coat a liquid particle, may 

to incorporate a surfactant. wlt:h a 

contacting the first charged aerosol " 
second charged aerosol stream of liquid P~"££TCi* 
whole range of possibilities to manufacture particles 

35 various composition. limiid of 

According to a preferred embodiment the liquid of 
the first aerosol stream comprises a first agent and the 

of the second aerosol stream comprises a second agent, 
it is possible to perform many physical and chemical 
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reactions in very tiny droplets. 

For example, if the liquids of the first and the 
second aerosol stream are miscible, homogeneous physical or 
chemical processes may occur in each newly formed droplet. If 
5 the liquids are immiscible heterogeneous processes may occur. 
Typical physical processes include precipitation and 
crystallization processes. Thus the method according to the 
invention may, for example, result in particles each compris- 
ing an amorphous mixture of compounds which were originally 
10 present in each of the aerosol streams, or a crystal. In this 
way it is for example possible to manufacture ceramic precur- 
' sor powders . Amongst the ceramic precursor powders those for 
the manufacture of high temperature superconductors can be 
mentioned. 

15 A potentially useful embodiment comprises contacting 

a water miscible organic solvent comprising a not or sparing- 
ly water soluble polymer with an oppositely charged aqueous 
aerosol stream, the water causing the polymer to precipitate* 
Another simple way to obtain a precipitate is by using an 

20 alkaline and acid liquid for the respective aerosol streams, 
if the solubility of the solute is pH dependent. 

A preferred embodiment of the method according to 
the invention is characterized in that the liquid of the 
first aerosol stream comprises a first reagent and the liquid 

25 of the second aerosol stream comprises a second reagent and 
the reaction comprises a chemical reaction. In the present 
application the term "reagent" includes chemical or biologi- 
cal catalysts , for example an enzyme. 

Due to chemical reactions the product particle may 

3 0 contain a new compound. The chemical reaction may be virtual- 
ly any chemical reaction, for example a polymerisation reac- 
tion. 

In case of a heterogeneous reaction, the invention 
allows for the preparation of compounds which can not be 
3 5 obtained efficiently by mixing the liquids in bulk, for 
example due to the formation of a solid reaction product 
preventing the remaining reagents from reacting. 

The invention also relates to an electrode, suitable 
for use with the method according to the invention employing 
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electrohydrodynamic spraying, having an inlet and an outlet, 
a channel connecting the inlet and the outlet, the outlet 
being an orifice in the centre of an electrically conducting 
area 7, wherein the electrically conducting area 7 is defined 
5 by a barrier, said barrier preventing the flow of liquid 
outside the electrically conducting area 7. 

According to the invention the electrode is charac- 
terized in that the electrically conducting area 7 is sur- 
rounded by a second area 8 of electrically conducting 
material, extending outwardly over at least 1 mm in radial 
direction from said barrier, preferably over a distance of at 
least half of the radius of the first area. 

Thus a more homogenous electric field is generated, 
with a reduced radial component of the electrical field near 
the nozzle 3 . This is very important to avoid electrical dis- 
charges which would result in disturbed mixing of the first 
c ges n _ ABm The use of said electrode improves 

and second aerosol stream. The use oi sam 

the size, charge density and velocity distribution of an 
aerosol stream generated using said electrode. In addition 
0 the electrode allows for the use of liquids with higher 

conductivities than with electrodes according to the state of 

art * The barrier may be, as shown in the figure, a steep 
recess, the wall thereof being for example at an angle of 90' 
-5 with the first area. Preferably the first and second area lie 
in the same plane. Advantageously they are electrically 

connected. _ . . j 

It should be clear from the above, that the method 
according to the invention can be used to manufacture a 
30 powder comprising a mixture of physically separated charged 
"~ particles having identical or different composition, a powder 
consisting of less charged or substantially neutral particles 
wherein each particle contains each of the compounds used, or 
a powder consisting of particles comprising a compound not 
35 oresent in the starting materials. 

The present invention allows for the manufacture of 
powders which were previously only obtainable using emulsion 
techniques, which require the evaporation/removal of the 
solvent, making the techniques cumbersome and expensive. 
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The invention may also be used to control the size, 
structure and shape of the particles that make up the powder. 
By controlling the rate of evaporation of a solvent used, the 
person skilled in the art can achieve powders of, for 
5 example, porous, hollow or massive particles . Porous or 

amorphous particles may find application as catalysts. For 
coated particles, the thickness of coatings can be controlled 
by suitable choice of the solute concentration and droplet 
size. The rate of evaporation can be controlled by a suitable 
10 choice of solvent, heating (micro-wave, gas supplied at a 
particular temperature) , suitable choice of the aerosol 
streams etc., as is well known by the person skilled in the 
art - 

It will be appreciated that the present invention, 
15 as claimed in the appended claims, can be worked in several 
ways, as will be obvious for the person skilled in the art. 
For example, if mention is made of a liquid, the liquid may 
also comprise a molten solid. It is possible to improve the 
size distribution of an aerosol stream by, for example, 

2 0 superposing a high frequency alternating voltage on top of 

the constant voltage - 

Rayleigh-break up may be used to generate droplets 
even smaller than satellite droplets and thus allow for the 
manufacture of extremely fine powders. Preferably a separ- 
25 ation step is carried out before the aerosol stream generated 
is contacted with the second aerosol stream, as described 
above . 

Apart from those already mentioned, the powders 
according to the invention will have many other uses, for 

3 0 example for calibration purposes and as seed material. 

For scaling up the method according to the inven- 
tion, an array of nozzles can be used, for example rows of 
nozzles with alternating a row for positively charged aerosol 
streams and a row for negatively charged aerosol streams. 
3 5 Advantageously, the nozzles are supplied with liquid from one 
supply, or in case of different liquids from two supplies 
only, and likewise the voltage can be supplied using one 
power supply for each polarity only. 

The apparatus according to the invention may be pro- 
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vided with a moving counter electrode and/or electrode for 
the removal of charged particles, for example realised as a 
conveyor belt. Any particles adhering to the electrode are 
removed outside the mixing zone, for example outside the 
5 chamber, and are - depending on the type of powder formed - 
reused or disposed of . 
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CLAIMS 

1. Method of manufacturing a dry powder particle by 
generating a charged aerosol stream comprised of charged 
initially liquid particles and converting said stream into 
powder particles, characterized in that the charged aerosol 

5 stream comprised of charged particles is contacted with a 

second aerosol stream comprising oppositely charged particles 
resulting into a combined aerosol stream to form the powder 
particle, 

2 . Method of manufacturing a powder particle accord- 
10 ing to claim 1, characterized in that the amount of charge of 

the first aerosol stream and the amount of charge of the 
second aerosol stream are controlled to yield a substantially 
neutral powder particle. 

3. Method of manufacturing a powder particle accord- 
15 ing to claim 1 or 2, characterized in that the particles of 

at least the first aerosol stream comprising charged par- 
ticles are generated by electro- hydrodynamic spraying. 

4 « Method of manufacturing a powder particle accord- 
ing to any of the preceding claims, characterized that the 
20 first aerosol stream is comprised of liquid particles com- 
prising a solvent and a solute, said solvent being evapor- 
ated to yield a substantially dry powder particle. 

5. Method of manufacturing a powder particle accord- 
ing to claim 4, characterized in that the first aerosol 

25 stream and second aerosol stream are contacted before the 
solvent is evaporated. 

6 . Method of manufacturing a powder particle accord- 
ing to any of the preceding claims, characterized in that, 
when contacted, both the first and the second aerosol stream 

30 comprise liquid charged particles. 

7. Method of manufacturing a powder particle accord- 
ing to claim 6, characterized in that the first aerosol 
stream is generated using a liquid which is miscible with the 
liquid used to generate the second aerosol stream, allowing a 

3 5 homogeneous reaction to occur after contact. 

8 . Method of manufacturing a powder particle accord- 
ing to claim 6, characterized in that the first aerosol 
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stream is generated using a liquid which is immiscible with 
the liquid used to generate the second aerosol stream, allow- 
ing a heterogeneous reaction to occur after contact. 

9. Method of manufacturing a powder particle accord- 
ing to claim 7 or 8, characterized in that the liquid of the 
first aerosol stream comprises a first reagent and the liquid 
of the second aerosol stream comprises a second reagent and 
the reaction comprises a chemical reaction- 

10 Method of manufacturing a powder particle 
according to any of the preceding claims, characterised in 
that at least the first aerosol stream, being comprised .of 
larger particles and satellite particles, is subjected to a 
particle separation step providing a substantially 
monodisperse aerosol stream whereafter the substantially 
monodisperse aerosol stream is contacted with the oppositely 

charged aerosol stream. 

11 Method of manufacturing a powder particle 
according to claim 10, characterised in that both the first 
and the second aerosol stream are subjected to the particle 

20 separation step. 

12. Method of manufacturing a powder particle 
according to claim 10 or 11, characterized in that the separ- 
ation step is conducted using a grounded electrode. 

13. Method of manufacturing a powder particle 

25 according to claim 5, characterized in that the solvent is 
evaporated from the first aerosol stream to form a first 
aerosol stream being composed of solid, sticky charged par- 
ticles which is contacted with the second charged aerosol 
stream comprising solid charged particles resulting in the 

30 combined aerosol stream which is converted into an essen- 
tially dry powder. 

14 . Method of manufacturing a powder particle 
according to any of the preceding claims, characterized in 
that, after contacting the first aerosol stream with the 

35 second aerosol stream, particles with the desired composition 
are separated according to their charge to mass ratio. 

15. Method of manufacturing a powder particle 
according to any of the preceding claims , characterized in 
that substantially neutral particles are separated from 
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substantially charged particles. 

16. Powder manufactured according to any of the 
claims 1-15, characterized in that the powder comprises 
ceramic precursor powder particles. 
5 17. Powder manufactured according to any of the 

claims 1 - 15, characterized in that the powder comprises 
polymer -comprising powder particles. 

18 . Powder manufactured according to any of the 
claims 1-15, characterized in that the powder comprises 
10 powder particles comprising a pharmaceutical compound. 

19. Powder manufactured according to any of the 
claims 8, characterized in that the pharmaceutical compound- 
comprising powder is a coated powder. 

20. Powder manufactured according to any of the 
15 claims 1-15, characterized in that the powder comprises 

catalyst -comprising powder particles* 

21. Method of manufacturing a ceramic product, 
characterized in that the ceramic precursor powder according 
to claim 16 is sintered. 

20 22. Pharmaceutical composition comprising a powder 

comprising at least one pharmaceutical ly active compound, 
characterized in that the powder is a powder according to 
claims 18 or 19, together with a pharmaceutically acceptable 
carrier or diluent - 

25 23. Electrode, suitable for use in any of the claims 

3 to 15, having an inlet and an outlet, a channel connecting 
the inlet and the outlet, the outlet being an orifice in the 
centre of an electrically conducting area, wherein the elec- 
trically conducting area is defined by a barrier, said bar- 

30 rier preventing the flow of liquid outside the electrically 
conducting area, characterized in that the electrically 
conducting area is surrounded by a second area of electrical- 
ly conducting material, extending outwardly over at least l 
mm in radial direction from said barrier. 

35 24. Electrode according to claim 23, characterized 

in that the second area extends over a distance of at least 
half of the radius of the first area. 

25. Apparatus for working the method according to 
any of the claims l to 15, comprising an electrode having an 
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inlet and an outlet, a channel connecting the inlet and the 
outlet, the outlet being an orifice in the centre of an 
electrically conducting area opening into a chamber, wherein 
the electrically conducting area is defined by a barrier, 
5 said barrier preventing the flow of liquid beyond the elec- 
trically conducting area and the chamber having a counter 
electrode as well as an exhaust opening for a product formed 
by electro- hydrodynamic spraying, characterized in that the 
chamber is a mixing chamber and the apparatus is provided 
10 with a second electrode having an orifice opening in the 
chamber . 
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